Figure 1. Embryonic Phenotypes of the External Sensory Organs in the Various Mutants Discussed in This Review
Symbols and data are as in Rhyu et al. (1994) and Guo et al. (1996) . as well as on the persistence of the asymmetric localizaprogeny cell that has received Numb. This suppression may occur either directly, by binding of Numb to Notch, tion of Numb in the absence of Notch, the authors propose that Notch acts downstream to Numb. The Notch or indirectly, by activation of Delta. In each case, however, the result would be to render the Numb-containing protein has a very elaborate structure; its extracellular domain is known to interact with the ligand Delta, and cell less receptive to signals from, but more effective in sending signals to, the sister cell. This would eventually the intracellular domain translocates the Suppressor of Hairless protein into the nucleus (Fortini and The question of which cells send the Delta-mediated signals, the progeny of the neural progenitor or the epitransformed sheath cells. Therefore, Notch is required to allow expression of Ttk in the sheath cells; ttk expresdermal cells that surround these progeny cells, is tentatively answered by Spana and Doe (1996) , who have sion, in its turn, is likely to contribute to the specification of the sheath cells. If Notch is constitutively active, ttk studied the interrelationships between numb and Notch in the development of the MP2 neuroblast. Neuroblasts is turned on in the neurons, thus leading to a transformation of neurons into sheath cells. The activation of Notch have complex lineages. Most neuroblasts produce large progenies that differentiate into the many different cell has no effect on the lineage of the IIb cell in the absence of ttk. Hence, Notch acts upstream of ttk.
types in the CNS. However, MP2, one of the earliest neuroblasts to segregate, gives rise to only two cells, The picture that emerges from the findings described by Guo et al. (1996) is that Numb interferes with Deltaone is smaller and ventral, called vMP2, and the other larger and dorsal, called dMP2. The observations made Notch signaling by suppressing Notch action in the sequence identity to Numb over more than half of its length. It is very suggestive indeed that, within dividing ventricular cells, mouse Numb is asymmetrically localized to the apical, or apicolateral side of the mitotic cells. This asymmetrical localization is independent of cleavage plane; the protein is always located in the apical half of the cell. In other words, mouse Numb is equally distributed to both daughter cells in the cases of vertical divisions, which produce equivalent progenies, and to the apical daughter cell in horizontal divisions, which give rise to dissimilar progenies. These observations are related to a long discussed hypothesis, according to which symmetric and asymmetric divisions, to the stem cell, whereas in the latter, due to its basal Is Delta-Notch signaling involved in specifying dMP2 location, it is distributed to one of the daughters of the and vMP2? Loss of either Delta or Notch leads to multistem cell. ple MP2 progenitor cells, due to failure of lateral inhibiCellular diversity is an even more prominent feature tion to select a single cell from the MP2 proneural clusof neural development in vertebrates than in inverteter. Like normal MP2s, these cells give rise to smaller brates. In addition to the higher degree of cellular diverand larger cells; however, the smaller cells fail to express sity, the numbers of cells produced by the neural vMP2 markers, all of them expressing markers of dMP2 progenitor cells are incomparably higher than those geninstead. Therefore, in the absence of Delta or Notch, erated by neuroblasts and SOPs in insects. How are the normal MP2 lineage dichotomy does not take place; ventricular cells capable of producing so many neurons both progeny cells of MP2 develop as dMP2, i.e., the of so many different types? Is mouse Numb also an opposite of the numb mutant phenotype. In double muasymmetric determinant, which plays a role in the develtant embryos lacking numb and either Delta or Notch, opment of the vertebrate CNS similar to that played by the phenotype is that of Delta or Notch single mutants, Drosophila Numb in CNS and PNS development in the i.e., multiple dMP2s. This result demonstrates that fly? Since functional studies are much more cumberNumb is not in fact required to specify dMP2, but rather some, and the level of cellular resolution much lower, to antagonize the Delta-Notch-mediated induction of in the mouse than in Drosophila, this question is actually vMP2 development. very difficult to answer. Zhong et al. (1996) have used Using antibodies against Delta, Spana and Doe (1996) Drosophila as an assay system to study mouse numb. show that Delta is expressed in the mesoderm and the Following germline transformation in Drosophila, mouse neuroectoderm adjacent to the MP2 neuroblast; howNumb is found at the same position as the Drosophila ever, it is absent from the vMP2 and dMP2 cells at the Numb, i.e., in the basal half of the neuroblast, and segretime at which these cells are specified. In agreement gated into one of the progeny cells. That is to say, in with these observations, culture of MP2 cells in isolation spite of the differences in Numb localization in mouse leads to two dMP2s in each case; in aggregates, howand fly, the mechanisms of intracellular transport are ever, the normal dichotomy occurs and vMP2 and dMP2 conserved. (Lehmann et al., 1983) , are involved in a number of other processes as well, by mediating regulatory signals that divert cells into a given developmental fate. To my knowledge, the question of whether the neurogenic network has a direct influence on the specification of individual cells had not been asked until now-or, at least, no evidence had been advanced in favor of such a hypothesis. How many other surprises can we expect from the analysis of these genes?
